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ND license.1. Introduction
Wholly aromatic polyamides (aramids) are characterized as
highly thermally stable polymers with a favorable balance of
physical and chemical properties. However, these polymers
are generally intractable and lack the properties essential for
successful fabrication into useful forms because of their high
melting or glass-transition temperatures (Tg’s) and their
limited solubility in organic solvents. Therefore, a great deal
of effort has been expended to improve the processing charac-
teristics of the relatively intractable polymers. Both the polyes-
ters and polyamides discussed have particular individual
properties and applications. The PEAs have special structure
due to the regular enhancement of ester and amide groups in
278 P.N. Dave, N.N. Patelthe same polymer chain, which give them the properties inter-
mediate between the polyester and the polyamide. The rigidity
due to the double bond character of the amide group coupled
with extensive hydrogen bonding inﬂuences the ordering ofScheme 1 SynPEA. Hence many researchers have synthesized co-poly (es-
ter-amide)s from different raw materials in order to obtain
the properties and applications of the individual ones into
one segment. Some of the poly (ester-amide)s are synthesizedthesis steps.
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epoxy resin, unsaturated poly ester and polyamides are most
widely versatile industrial materials and have broad spectrum
of characteristics for wide applications ranging from aerospace
to micro electronics. They are also important as laminating
resins, molding composites, ﬁbers, ﬁlms, surface coating resins,
ﬁber cushions (Malik et al., 2000). Particularly polyamide
materials used in the form of ﬁbers are especially thermoplas-
tics of particular used in engineering applications. The glass ﬁ-
ber reinforced nylon plastics are now of substantial importance
due to rigidity and creep resistance. Polyamides are also used
in ﬁber application, automotive industries, valve covers, coat-
ings (Pekarik, 1989; Ahmad et al., 2001).
Merging of all three segments (i.e., epoxy, ester and amide)
into saturated and unsaturated polymer chain has been reported
from Indian scientists (Patel and Panchal, 2005a,b). Certain
properties of resins may also be improved via interact of with
the other unsaturated resin is another possibility. In order to im-
prove certain properties of such reported USPEAs their blend-
ing with commercial vinyl ester epoxy resin is possible. While
vinyl ester resin is a versatile industrial resin today (Atta et al.,Nos. Diamines* Appearance Molecular formula (formula weight) Acid value mgKOH/g
1a 4,40-diamino diphenyl methane bisamic acid Green powder C21H18N2O6 [394] 380
1b 4,40-oxyaniline bisamic acid Red powder C20H16N2O7 [304] 350
1c 4,40-diamino diphenyl sulfone bisamic acid Yellow powder C20H16N2O8S [444] 3702006), the present paper comprises studies of interacting blend-
ing of unsaturated poly(ester-amide) resin with vinyl ester (VE)
resin. The glass ﬁber reinforced composites of these blends have
been fabricated and characterized by chemical, mechanical and
electrical properties. The whole work is scanned in Scheme 1.2. Materials and methods
2.1. Materials
Commercially available epoxy resin, diglycidyl ether of bisphe-
nol-F and vinyl ester epoxy resin was obtained from the local
market.
The speciﬁcations of diglycidyl ether of bisphenol-F
(DGEBF) are as follows:
1. Epoxy equivalent weight, 158.
2. Viscosity 40–100 poise at 25 C.
3. Density at 25 C, 1.18–1.19 g/cm.Table 1 Characterization of AUPEAs (3a–c).
AUPEAs Elemental analysis (wt%)Calc./(found)
%C %H %N
3a 64.92/64.37 5.21/5.02 3.31/3.03
3b 63.67/63.23 4.71/4.45 3.30/2.91
3c 62.50/62.06 4.62/4.24 3.24/2.98The aromatic diamines used for the preparation of bisamic
acids are
1. 4,40-methylenedianiline
2. 4,40-oxydianiline
3. 4,40-sulfonyldianiline
Plain weave ﬁbers, in the form of E-glass woven fabric (poly
(ester-amide) compatible) 0.25 mm thick (Unnati Chemicals,
India) weighing 270 g m2 were used for composite fabrica-
tion. All other chemicals used were of pure grade.
2.2. Synthesis of unsaturated bisamic acids
The unsaturated bisamic acid was prepared by a simple addi-
tion reaction of maleic anhydride and diamines. These were
prepared by using a method reported in the literature (Patel
and Panchal, 2005a,b).
Synthesis of bisamic acid using malic anhydride and
diamines2.3. Synthesis of unsaturated poly(ester-amide) resin and
acrylated poly(ester-amide) resin
The unsaturated poly(ester-amide) resin (UPEAs) was pre-
pared by following the same method reported in Patel and
Panchal (2005a,b). The general procedure is as follows:
Diglycidylether of Bisphenol-F (DGEBF) (1.0 mol) and
unsaturated bisamic acid (1.0 mol) were charged in a three-
necked ﬂask equipped with a mechanical stirrer. The unsatu-
rated bisamic acid was then treated with diglycidylether of
Bisphenol-F according to the method reported for the reaction
of epoxy resin and carboxylic group (Darke et al., 1982). To
8.0% of the total weight of above, triethylamine (TEA) was
added as a base catalyst. The reaction mixture was slowly
heated up to 85 C with continuous stirring till the acid value
fell below 60 mg KOH/g. The resultant resin was then dis-
charged and called as unsaturated poly(ester-amide) resin (UP-
EAs) and their details are furnished in Table 1. Further
reaction of all these unsaturated poly(ester-amide) resin (UP-
EAs) was carried out with acryloyl chloride (i.e., acrylation)No. of double bonds per
repeating unit
Number average molecular
weight (Mn 60)
3.91 4116
3.76 4102
3.81 4401
Table 2 TGA of unreinforced cured samples of UAPEAs-vinyl ester epoxy resin blends (5a–c)-BPO system.
UAPEAs-VE resin Blends % Weight loss at various temps. (C) from TGA
150 C 300 C 450 C 600 C 750 C
5a 2.01 9.34 64.23 77.32 81.34
5b 1.87 9.21 68.56 76.63 79.34
5c 1.71 8.03 65.25 75.87 80.06
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amide)s (APEAs) and their details are furnished in Table 2.
2.4. Synthesis of acrylated poly(ester-amide) resin and vinyl
ester resin blend
When the acid value of acrylated poly(ester-amide)s APEAs
fell below 55 mg KOH/g, 0.05% of hydroquinone was added
as an inhibitor. Then a blend of 50% of APEAs and 50% of
vinyl ester (VE) resin was added and stirred well at 80 C for
1 h. The whole reaction mixture was stirred well for ten min-
utes maintaining the temperature at 85 C. The resultant
APEAs-VE blends were obtained in the form of a viscous
syrup.
3. Analysis and thermal study
3.1. Elemental analysis
The C, H, N contents of unsaturated poly(ester-amide)s (UP-
EAs) and acrylated poly(ester-amide)s (APEAs) were esti-
mated by means of a Thermoﬁnagan 1101 ﬂash elemental
analyzer (Italy). The IR spectra were recorded in Kerr pellets
on a Nicollet 760 D spectrometer. The number average weight
of unsaturated poly(ester-amide)s (UPEAs) and acrylated
poly(ester-amide)s (APEAs) was estimated by non-aqueous
conductometric titration followed by the method reported in
the literature (Patel and Patel, 1981). Pyridine was used as aFigure 1 IR spsolvent and tetra-n-butyl ammonium hydroxide was used as
a titrant.
3.1.1. IR spectral characteristics of UPEAs
The IR spectra of all the UPEAs show a strong band around
1730 cm1 which is the characteristic band for >C‚O stretch-
ing of the A,B-unsaturated esters (Figs. 1–3).
1. The spectra of all the resins show the characteristic >C‚O
stretching band of amide group around 1690 cm1 and a
characteristic –NH band of amide group between 1550
and 1510 cm1.
2. The spectra of all the resins show the characteristic band of
the secondary hydroxyl group between 3600 and 3200 cm1
for O–H stretching.
3. The spectra of all the resins show a characteristic band for
the ether group around 1260 cm1.
4. The spectra of all the resins show a band around 1655 cm1
which may arise from cis C‚C stretching vibration.
Thus the IR spectral analysis of the resins conﬁrms the for-
mation of the unsaturated poly(ester-amide)s.
3.2. Thermal study
Thermal analysis laboratory techniques provide information
regarding the properties of polymers and plastics, measuring
changes in polymer or plastic materials with temperature andectrum of 3a.
Figure 2 IR spectrum of 3b.
Figure 3 IR spectrum of 3c.
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mulations, process history and ﬁnal physical properties of
materials.
Thermal analyses available include melting and crystalliza-
tion characteristics (enthalpy of fusion or recrystallization,
thermal history of the material, nucleation of polymer), crys-
tallinity studies, curing reactions and degradation analysis in
different atmospheres (Figs. 4–6).Some materials are able to withstand quite lengthy ‘ther-
mal histories’, a term loosely used to describe both the
intensity (temperature) and the duration of heating. Polyeth-
ylene and polystyrene may often be reprocessed a number
of times with little more than a slight discoloration and
in the case of polyethylene some deterioration in electrical
insulation properties. Other polymers can be more trouble-
some. Poly(viny1 chloride) requires the incorporation of
Figure 4 DSC of 3a.
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ric acid, the latter having a corrosive effect on many metals.
At the same time some metals have a catalytic effect on this
polymer so that care has to be taken in the construction of
barrels, screws and other metal parts liable to come into
contact with the polymer.
Some polymers, such as the polyacetals (polyformaldehyde)
and poly(methy1 methacrylate) depolymerise to monomer on
heating. At processing temperatures such monomers are in
the gaseous phase and even where there is only a small amount
of depolymerisation a large number of bubbles can be formed
in the products.
Gaseous monomers may also be trapped within the process-
ing equipment and accidents have occurred as a consequence
of the resulting pressure buildup. In the case of the polyacetals
and poly(viny1 chloride) it is reported that at elevated temper-
atures these materials form a more or less explosive combina-
tion so that it is important to separate these materials
rigorously at the processing stage.
Curing of all APEAs-VE blends were carried out on a dif-
ferential scanning calorimeter (DSC) by using benzoyl perox-
ide as a catalyst. A universal V3 DSC was used for this
study. The instrument was calibrated using standard indium
metal with known heat of fusion (DH= 28.45 J/g). Curing
was carried out from 30 to 300 C at 10 C min1 heating rate.
The sample weight used for this investigation was in the range
of 4–5 mg along with an empty reference cell.
Unreinforced cured samples of APEAs-VE blends were
subjected to thermogravimetric analysis (TGA) on a Du Pont
950 thermo gravimetric analyzer in air at a heating rate of
10 C min1. The sample weight used for this investigation
was in the range of 4–5 mg.Figure 6 DSC of 3c.
Figure 5 DSC of 3b.4. Composite fabrication
The composites were prepared by using E-type of glass
ﬁber. The glass ﬁber: APEAs-VE blend ratio is 60:40
(40%APEAs-VE blends). Suspensions of APEAs-VE blends
were prepared in tetrahydrofuran (THF). In the above poly-
mer suspension, 1% of ethylene dimethylacrylate (as a cross
linking agent) with 0.05% benzoyl peroxide (as an initiator)
was added and mixed well. The mixture was applied with a
brush to a 200 mm · 200 mm glass cloth and the solvent was
allowed to evaporate. The ten dried prepregs prepared in this
way were then stacked one on top of another and pressed be-
tween steel plates coated with a ‘‘Teﬂon’’ ﬁlm release sheet and
compressed under 70 psi pressure. The prepregs stacks were
cured by heating it in an autoclave oven at around 140 C
for about 6 h. The composites so obtained were cooled to
45–50 C before the pressure was released.
4.1. Composite characterizations
4.1.1. Chemical resistance test
The resistances against Chemicals of the composites were mea-
sured according to ASTM D 543.
4.1.2. Mechanical and electrical testing
(1) The ﬂexural strength was measured according to ASTM
D 790.(2) The compressive strength was measured according to
ASTM D 695.
(3) The impact strength was measured according to ASTM
D 256.
(4) The Rockwell hardness was measured according to
ASTM D 785.
(5) The electrical strength was measured according to
ASTM D 149.
(6) The tensile elongation was tested according to ASTM
0638.
Table 3 Chemical, mechanical and electrical properties of composites based on APEAs-MMA blends.
Composites % Change on exposure to 25% (W/V) NaOH Compressive
strength (MPa)
Impact strength
(MPa)
Rockwell
hardness (R)
Electrical strength
(in air) (kV/mm)
Thickness Weight
5a 0.71 1.45 471 433 23 21.65
5b 0.78 1.23 445 434 134 18.45
5c 0.83 1.06 476 451 105 22.35
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The unsaturated bisamic acids were prepared by the reaction
of malelic anhydride (2.0 mol) and aromatic diamines
(1.0 mol) by following the method reported in literature (Patel
and Panchal, 2005a,b). Unsaturated poly(ester-amide)s (PEAs)
were prepared by the reaction of epoxy resin (DGEBF) with
unsaturated bisamic acids using triethylamine (TEA) as a base
catalyst. The post reactions of all these unsaturated poly(ester-
amide)s (PEAs) were carried out with acryloyl chloride. The
resultant products are called acrylated poly(ester-amide)s
(APEAs). Blending of acrylated poly(ester-amide)s APEAs
with vinyl ester (VE) resin was also carried out. The resultant
products are called APEAs-VE blends.
The C, H, N content of all the unsaturated poly(ester-
amide)s (PEAs) and acrylated poly(ester-amide)s (APEAs)
were estimated by means of Thermoﬁnagan 1101 Flash Ele-
mental Analyzer (Italy). The values of C, H, N of each of
the unsaturated poly(ester-amide)s (PEAs) and acrylated
poly(ester-amide)s (APEAs) were consistent with their pre-
dicted structures and are furnished in Tables 1 and 2. The
number average molecular weights of both unsaturated poly(e-
ster-amide)s (PEAs) and acrylated poly(ester-amide)s (APEAs)
were estimated by non-aqueous conductometric titration
method (Patel and Patel, 1981). Their results are furnished in
Tables 1 and 2, respectively. The results indicate that the de-
gree of polymerization of both unsaturated poly(ester-amide)s
(PEAs) and acrylated poly(ester-amide)s (APEAs) is about 6.
The IR spectra were consistent with the ones expected from
the structures of the PEAs and APEAs.
Number of hydroxyl groups present per repeating unit in
unsaturated poly(ester-amide)s (PEAs) were also analyzed by
employing acetylating method (Vogel, 1998a). Also, acrylated
poly(ester-amide)s (APEAs) were characterized for the pres-
ence of double bonds per repeating unit employing mercury-
catalyzed bromate-bromide method (Vogel, 1998b). Satisfac-
tory results were found and the results are furnished in Tables
1 and 2 respectively.Curing of all these APEAs-VE blends were carried out on a
differential scanning calorimeter (DSC) by using benzoyl per-
oxide as a catalyst. The data of DSC thermograms of all
APEAs-VE are shown in ﬁgure.
The unreinforced cured samples of APEAs-VE blends were
also analyzed by thermo gravimetric analysis (TGA). The
result reveals that the cured sample starts their degradation
at about 150 C and their initial weight is about 2–3%. This
small weight loss may be due to either in sufﬁcient curing of
components used or due to the catalyst used. A weight loss
of about 10–11% is found at 300 C. However, the rate of
decomposition increases very rapidly between 300 C and
450 C and the products are lost completely beyond 750 C.
TGA data of all the samples are shown in Table 3.
The glass and carbon ﬁber reinforced composites of all
APEAs-VE blends were prepared based on their DSC data.
The composites were characterized for their chemical, mechan-
ical and electrical properties. The results show that composites
have good chemical resistant property, good mechanical and
electrical strength.
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